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Description 
BACKGROUND 

The present invention relates to assays using 
labeled probe strands with DNA complementary to 
strands of DNA in a sample to detect the presence 
of the DNA in the sample by analyzing for the 
labeled probe strands. 

DNA probe assays typically involve analyzing 
for one or more copies of a first strand of 
oligonucleotides in a sample by introducing plural 
second strands of oligonucleotides which are com- 
plementary to the first strand(s), so as to hybridize 
to the first strands if first strands are in the sample. 
Second strands are labeled (e.g. with phosphorus- 
32, chemiluminescent compounds such as ac- 
rldines and luminois, fluorescent compounds such 
as fluorescein and rhodamine, biotin, and enzymes 
such as alkaline phosphatase and acid 
phosphatase, and liposomes containing such la- 
bels) so they can be detected in the sample. 

One problem in the past with DNA probe as- 
says is in separating the hybridized probe strands 
from the unhybridized probe strands. A separation 
system based upon size differences between 
probe, target, and probe-target duplex works, but 
the methods used are tedious and difficult to auto- 
mate. As an example, a Southern blot assay 
[Southern, Journal Molecular Biology , 98:503-517 
(1975)] is difficult to automate. Another assay 
which utilizes size separation is the Abbott Labora- 
tories Genostics™ assay for hepatitis B virus. In 
the Genostics™ assay, native HB DNA is hybridiz- 
ed to iodine-125 labelled probe. The DNA-probe 
hybrid is then passed through a size exclusion 
column with enough volume of eluent to give only 
the hybrid in solution in a collection flask. The flask 
is then assayed for radio-isotope by standard 
methods. Although this method works well, a tech- 
nician still must run the test. The method, then, is 
also not amenable to automation. Few satisfactory 
solutions to the separation problem in automated 
systems have been proposed. 

As relevant background to the present inven- 
tion, US Patent 4,469,863 discloses nonionic R- 
stereoisomer nucleic acid alkyi and aryl 
phosphonates and their use in inhibiting the growth 
of tumor cells or replication of viruses in infected 
cells. As further background art, EP-A-0 281 390 
discloses polycationic supports for nucleic acid pu- 
rification, separation and hybridization. 

SUMMARY OF THE INVENTION 

The DNA probe assay for this invention pro- 
vides probe strands which afford easy separation of 
the hybridized from the unhybridized probe 



strands. With an appropriate label, therefore, the 
DNA probe assay of this invention can readily be 
adapted to be performed using automated equip- 
ment. 

5 The assay of this invention can detect a first 

oligonucleotide sequence in a sample by introduc- 
ing into the sample a second probe oligonucleotide 
sequence complementary to the first 
oligonucleotide sequence. The second 

10 oligonucleotide sequence is composed of neutrally 
charged nucleotides, so that the first and second 
sequence hybridize. Any unhybridized probe 
strands can be separated from the hybridized 
probe strands simply by contacting the sample 

75 with a positively charged solid phase, followed by a 
wash. The first oligonucleotide sequence contains 
an intrinsic negative charge due to the P = 0 moi- 
ety in each of the nucleotides which comprise the 
first oligonucleotide strand in the sample. The neg- 

20 ative moieties will be retained on the positively 
charged solid phase, thus retaining the hybridized 
probe strand on the solid phase as well. The un- 
hybridized, neutrally charged probe strand, will not 
be retained by the solid phase. Accordingly, with 

25 an appropriate label on the probe strand, the 
amount or presence of the first oligonucleotide 
sequence in the sample can be analyzed by as- 
saying the solid phase or the unhybridized probe 
strands for the presence of the label. 

30 In one embodiment of this invention, the probe 

strands are rendered neutrally charged by syn- 
thesizing the probe strand from alky! phosphonate 
nucleotides, thus eliminating the charged P = 0 
moiety from the probe strand. Preferably, the alkyI 

35 phosphonate nucleotides are chirally resolved to 
use substantially only the R stereoisomers of each 
nucleotide. It has been found that mixtures of R 
and S stereoisomers (a racemic mixture) will not 
hybridize to the first oligonuceotide sequence in 

40 the sample quite as well as the chirally resolved 
probe strands will. 

BRIEF DESCRIPTION OF THE DRAWING 

45 The figure illustrates several compounds made 

in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

60 This invention involves the use of neutrally 

charged DNA probe strands in a DNA probe assay 
where the probe strands hybridize to an 
oligonucleotide sequence in a sample to be tested. 
DNA in samples of blood, bacteria, or other bodily 

55 fluids normally is composed of nucleotides having 
a charged P = O grouping, imparting an overall 
negative charge to the DNA strand and sample. 
When the uncharged probe strand hybridizes with 
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the charged oligonucleotide sequence in the sam- 
ple, the hybridized DNA strand also has an overall 
negative charge. Thus, the hybridized strands can 
be separated from the unhybridized probe strands 
by contacting the sample containing both hybridiz- 
ed and unhybridized probe strands with a positively 
charged solid phase. The negatively charged 
hybridized strands will collect on the positively 
charged solid phase, but the uncharged, un- 
hybridized probe strands will not. It is a simple 
matter with techniques known in the art to separate 
the solid phase containing the hybridized probe 
strands from the liquid phase containing the un- 
hybridized probe strands, and the presence or 
quantity of the oligonucleotide sequence to be de- 
termined in the sample can be ascertained either 
by measuring the amount of hybridized probe 
strand on the solid phase or by measuring the 
unhybridized probe strand in the liquid phase. In 
the preferred embodiment of this invention, prot- 
einase K is added to the sample which contains the 
target DNA before the probe strands are intro- 
duced, in order to hydrolyze proteins which might 
be present. 

Neutrally Charged Oligonucleotides 

The neutrally charged oligonucleotides used in 
this invention are preferably alkyi phosphonate 
nucleotides which replace the normal P = O nega- 
tively charged moiety in the bases with an al- 
kylated phosphonate group. The alkylphosphonates 
which can be used include methylphosphonate, 
ethylphosphonate, methylthiophosphonate, and 
methoxyphosphonate. The nucleotides to which the 
above alkylphosphonates can be appended at the 
3' position include thymidine, guanidine, adenosine, 
cytidine, and 5-aminoallyluridine. 

In using alkylated phosphonate nucleotides to 
render the probe strand "neutrally charged," it is 
not necessary to synthesize the probe strands from 
100% alkyI phosphonate nucleotides. As long as 
the probe strand is synthesized from a sufficient 
percentage of "neutrally charged" nucleotides that 
the unhybridized probe strands either will pass 
through or can be washed off the positively 
charged solid phase while the hybridized probe 
strands remain with the solid phase, the probe 
strand can be considered "substantially neutrally 
charged" within the scope of this invention. It is 
believed that the probe strand should contain at 
least about 75 percent of neutrally charged 
nucleotides. 

It has been found that in synthesizing alkylated 
phosphonate nucleotides that a chiral center is 
created on each phosphorus. It is preferable to 
resolve the R and S stereoisomers of the 
nucleotides from each other, and synthesize the 



probe strands only from the R stereoisomer 
nucleotides. It has been found that the R 
stereoisomer nucleotides hybridize more readily to 
the target oligonucleotide sequences in the sample 

5 than probe strands made from S stereoisomers or 
from racemates. The separation of R from S 
steroisomers is described in Example 1 below. 
Other methods which can be used to produce 
neutrally charged oligonucleotides include prepar- 

70 ing chirally resolved alpha-P-alkyI nucleotide 
triphosphates for the four major nucleotide 
triphosphates, and then enzymatically incorporating 
these bases into a probe using DNA polymerases. 

15 Solid Phases 

The present invention utilizes solid phase ma- 
terials which are positively charged. The solid 
phase material can be chosen for its intrinsic ability 

20 to attract the negatively charged hybridized probe 
strands, for example, methylated wool, nylons and 
certain glasses have intrinsic positive charges. Al- 
ternatively, a positively charged substance can be 
coated on or conjugated to the solid phase ma- 

25 terial. The solid phase material can include virtually 
any of the porous materials known to those skilled 
in the art, through which materials fluids can flow 
and easily pass. For example, the solid phase 
material can include 1) fiberglass, cellulose, or ny- 

30 Ion pads for use in a flow through assay device 
having one or more layers containing one or more 
assay reagents; 2) a dipstick for a dip and read 
assay; or 3) a strip for chromatographic (e.g. paper) 
or thin layer of chromatographic (e.g. nitrocellulose) 

35 techniques in which one or all of the reagents are 
contained in separate zones of a single strip of 
solid phase material. The solid phase material, 
however, is not limited to porous material. The 
solid phase material can include beads, magnetic 

40 beads, latex particles, a glass test tube or any 
other material which has an intrinsic positive 
charge or which can retain a positively charged 
substance. 

Natural, synthetic, or naturally occurring materi- 
45 als that are synthetically modified can be used as a 
solid phase material. Such materials include poly- 
sacharides, e.g. cellulose materials such as paper 
and cellulose derivatives including cellulose acetate 
and nitrocellulose; silica; inorganic materials such 
50 as deactivated alumina, diatomaceous earth, mag- 
nesium sulfate, or other inorganic finely divided 
material uniformly dispersed in a porous polymer 
matrix, with a polymer such as vinyl chloride, vinyl 
chloride propylene copolymer, and vinyl chloride 
55 -vinyl acetate copolymer, cloth, both naturally oc- 
curing (e.g. cotton) and synthetic (e.g. nylon); gels 
such as silica gel, agarose, dextran and gelatin; 
polymeric films such as polyacrylamide; and the 
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like. 

Preferred solid phase materials include porous 
fiberglass materials such as a Whatman 934-AH 
filter paper which has a nominal thickness of 0.33 
mm or other fiber matrix devices. The thickness of 
the material is not critical and will be a matter of 
choice, largely based on the properties of sample 
or analyte being assayed such as the fluidity of the 
test sample. 

To change or enhance the intrinsic charge of 
the solid phase material, a positively charged sub- 
stance can be coated directly to the material or 
onto microparticles which have been retained by a 
solid phase material. Alternatively, microparticles 
alone can be used as the charged solid phase 
material. One possible charged substance is a 
polymeric cation which is retained by the solid 
phase material and will retract and retain the nega- 
tively charged hybridized probe strands via the 
attraction of opposite charges. A wide variety of 
proprietary polycations are available including qua- 
ternary ammonium salts such as GafQuat™ , GAF 
Corporation, Wayne, New Jersey 07470, 
CelQuat™ L-200 and CelQuat™ H-100 (National 
Starch and Chemical Corporation, Bridgewater, 
New Jersey 08807). 

The charged substance can be coated on the 
particles (e.g. beads or microparticles). These par- 
ticles serve as solid phase by being retained in a 
column or being suspended in a mixture of soluble 
reagents and test sample, or the particles them- 
selves can be retained and immobilized by a solid 
phase material. By "retained and immobilized" it is 
meant that the particles that are on the solid phase 
material are not capable of substantial movement 
to positions elsewhere within the material. These 
particles can be selected by one skilled in the art 
from any suitable type of particulate material com- 
posed of polystyrene, polymethylacrylate, poly- 
propylene, latex, polytetrafluorothylene, polyacryl- 
nitrile, polycarbonate, or similar materials. The size 
of the particles is not critical, although we prefer 
that the average diameter of the particles be small- 
er than the average pore size of the solid phase 
material being used. 

EXAMPLES 

The following examples illustrate the preferred 
ways of performing DNA probe assays according 
to the present invention. The examples, however, 
are intended only to be illustrative and are not to 
be construed as placing limitations on the scope of 
the invention, which scope is defined solely by the 
pending claims. 



Example 1 

Enantiomerically pure 3'-methylphosphonate 
substituted nucleotides were prepared by the meth- 

5 od of Lesnikowski, Wolkanin, and Stec, Tetrahe- 
dron Letters 28 5535-8 (1987). The procedure for 
the synthesis of 1^ and 2, the Sp and Rp enan- 
tiomers of 5'-O-monomethoxytritylthymidine-3'-0- 
(0-(4-nitrophenyl) methanephosphonate) is as fol- 

10 lows. The 5'-MMT-N-4-benzoyladenosine, 5'-MMT- 
N-4-benzoylcytidine, and 5'-MMT-N-2-isobutyl- 
guanidine methylphosphonate derivatives were pre- 
pared similarly. To a solution of MeP(0)Cl2 (200 
mg) in pyridine (6 mL) under an argon atmosphere 

75 in a flame-dried flask was added a solution of 5'-0- 
monomethoxytritylthymidine (257.7 mg) in pyridine 
(3 mL) at room temperature over the course of 45 
minutes. The mixture was stirred upon completion 
of addition for one hour longer, then 4-nitrophenol 

20 (627 mg) was added all at once. After being stirred 
for one hour, the reaction was quenched with 50% 
aqueous pyridine (2 mL). After the addition of satu- 
rated NaHCOs (90 mL), the emulsion was extracted 
2x100 mL CHCI3. The chloroform extracts were 

25 dried over MgSO^^, filtered, evaporated, and vacu- 
um dried. The residue was dissolved into 1% 
MeOH in CHCI3 (6 mL), and the solution was 
applied to a flash chromatography column packed 
in the same solvent. The compounds were eluted 

30 using a 1-8% gradient of MeOH in CHCI3. The UV 
active spots which had RfS of 0.6 and 0.53 in 95:5 
CHCI3: MeOH on silica gel gave 85.9 mg of com- 
pound 1^ (shown in the attached Figure) and 91 mg 
of 2 (see the Figure), respectively. 

35 

Example 2 

The enantiomerically pure 2 prepared in Exam- 
ple 1 was condensed with 3'-acetoxythymidine 3 in 

40 the same manner cited by Lesnikowski, Wolkanin, 
and Stec. (supra) as follows. The oligomer, 5'- 
TT*TT*T*T-3', where the asterisk signifies an enan- 
tiomerically pure 3' to 5' methylphosphonate link- 
age, was prepared by a stepwise process involving 

45 successive condensations of 2 onto the growing 
oligonucleotide chain in the 5' direction. The final 
condensation to afford the normal phosphodiester 
linkage was accomplished with 5'-acetox- 
ythymidine-3'-phosphate, DCC, and tetrazole. To a 

60 solution of 3'-acetoxythymidine (16.6 mg) in THF (7 
mL) under an argon atmosphere at 0°C was added 
2.0 M t-BuMgCI in THF (30 uL) via syringe. Within 
15 minutes, a white precipitate appeared. The sus- 
pension was stirred at O'C for 30 minutes longer, 

55 then compound 2 (32 mg) dissolved in THF (3 mL) 
was added. The mixture was stirred at room tem- 
perature for one hour, then DMF (100 uL) was 
added. The mixture was stirred for a total of 19 
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hours. The solvents were removed in vacuo, and 
the residue was vacuum dried. The material was 
taken up into 0.8% MeOH in CHCb. Flash 
Chromatography of the material was done using a 
stepwise gradient of 250 mL each of 0.8%, 2%, 
4%, 6%, and 8% MeOH in CHCb. The product 4 
eluted in 6% MeOH in CHCb, and possessed an Rf 
of 0.32 in 95:5 CHCb:MeOH. The monomethox- 
ytrityl group was removed from the 5' end of the 
adduct using 2% toluenesulfonic acid in 7:3 
CHCbiMeOH to give 5. Compound 5 was then 
used to elongate the chain, deprotonating the 5'- 
OH with t-BuMgCI and reacting the resultant anion 
with another equivalent of 2. 

Example 3 

The cationic quat coating protocol for fiberglass 
filter discs, used for the ion capture assay de- 
scribed in Example 4, is detailed below. Each of 
ten Whatman fine fiberglass filter discs (2.5 cm ID) 
were soaked in 10 mL of a 25 mg/mL solution of 
Celquat™ L-200 (National Starch & Chemical 
Corp., Batch # 10, date of manufacture 5-3-82) in 
water for two and one-half hours. Then, the 
Celquat™ solution was decanted, and each disc 
was washed with 10x20 mL distilled water. To test 
the efficacy of anionic capture using these cationic 
filters, the following control experiment was run. A 
sample (0.5 pmol) of the 16-mer M13 hybridization 
probe primer 5'-dCACAATTCCACACAAC-3' (New 
England Biolabs #1202, lot 14-15) was kinased with 
T4 polynucleotide kinase and y-'^'^P ATP (2.5 
pmol). The radioactive DNA was diluted to 500uL, 
and was applied in triplicate aliquots to six 1 cm ID 
filter discs. Three discs were quat treated with 
Celquat™ L-200, while the other three discs were 
not treated with quat. The discs were washed with 
1 mL of lOOmM NaCI/IOmM TRIS/ImM EDTA pH 
8.0 buffer (STE). The filters were assayed for radio- 
activity in a scintillation counter. The quat treated 
filters retained 71% of the total radioactive counts, 
while the control filters retained 7% of the radioac- 
tive counts. Thus, the cationic quat treated fiber- 
glass filters trap and retain polyanions such as 
DNA, in preference to non-quat treated fiberglass 
filters. Thus, DNA can be assayed for using this 
ionic capture format. 

Example 4 

The oligomer 3, 5'-TT*rrTT-3', where T* in- 
dicates a MeP(O) linkage of R stereochemistry 
from 3' to 5', was treated with T4 polynucleotide 
kinase and y-'^'^P ATP in order to label the 5' 
terminus of the oligonucleotide with ^^p, jhe end- 
labeled probe 3 was then hybridized to pd(A)2o- 
(Pharmacia, lot #00088472) at 55 = C for one hour. 



When the duplex was applied to a quat-treated 
filter disc from Example 3, and washed with STE 
buffer (1 mL), most of the radioactive counts 
stayed on the filter disc, as seen by scintillation 

5 counting. This showed that hybridization occurred. 
Thus, a labeled neutral probe can be detected in 
this assay configuration, essentially using the target 
DNA to bind the neutral probe to the filter. In the 
control experiment, oligomer 3 was kinased with 7- 

70 ^^P- ATP and T4 polynucleotide kinase, and the 
radioactive probe was applied to quat-treated filter 
discs. Fewer than 1% of the total radioactive 
counts emanating from the labeled neutral probe 
could be detected on the filter disc after a 1 mL 

75 STE wash. 

Example 5 

A synthesis and purification scheme for a 

20 racemic methylphosphonate neutral probe is de- 
scribed in this example. The complementary for 
Ml 3 17-mer GrCWTWG*C'^T^G'^TT*rC*C*rG* 6, 
where * indicates a racemic MeP(O) linkage be- 
tween 5' and 3' ends on adjoining bases, was 

25 synthesized on an Applied Biosystems DNA syn- 
thesizer, using the appropriate methyl- 
phosphoramidites. The trityl-on neutral 
oligonucleotide was purified by reverse-phase 
HPLC, then the trityl group was removed with 80% 

30 aqueous acetic acid (300 iiL). The trityl-off neutral 
probe was purified by gel electrophoresis (50mM 
histidine, pH 7.6, 300v). Probe 6 was then 5'-end 
labeled using ^^P ATP (Amersham) and poly- 
nucleotide kinase (Pharmacia) at 37 °C for 30 min- 

35 utes. The probe was reconstituted into 50% for- 
mamide (500uL), and was applied in 10 m,L aliquots 
onto 1 cm ID Celquat™ L-200 treated filters. After 
30 seconds, the filters were washed with STE buff- 
er (1 mL). Scintillation counting of the filters 

40 showed that 0.97% of the total radioactivity re- 
mains on the filter discs. 

Example 6 

45 Nearly neutral DNA probe 6 was used to assay 

for Ml 3 DNA in the ion capture format of this 
invention. Single-stranded template DNA target 
(M13mp18, New England Biolabs 404C) and con- 
trol DNA (<^X 174, BRL, 52645A) were diluted in 

50 3M phosphate pH 6.8 to give final DNA concentra- 
tions of 15 pmol in 25 uL of solution. Then, kinased 
probe 6 solutions were added to the DNA aliquots. 
The solutions were then boiled for five minutes, 
then were cooled to 47 ° C. Incubation for five 

55 hours was followed by a cooling quench in ice 
water until processing of individual samples could 
commence. The hybridization solutions were ap- 
plied to 1 cm ID circles of Celquat™ L-200 treated 
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fiberglass discs, and were washed with 1 mL of 
STE, pH 7.8, with 0.02% NaNs. The discs were 
then assayed for residua! radioactivity in a scintilla- 
tion counter. It was observed that counts on the 
probe 6/M13 filter were 30% higher than those on 
the filter with only probe 6. This result shows that 
target DNA of any sequence can be assayed for 
using the appropriate racennic methylphosphonate 
probe in an ion capture format. 

Example 7 

Nearly-neutral probe 6 (Example 5) can be 
used to assay for Ml 3 DNA in an ion capture 
format of this invention. Single-stranded template 
DNA target (M13mp18, N.E. Biolabs) and control 
DNA (<^X174, Bethesda Research Labs.) is diluted 
in buffer (30 mM NaCI, lOmM TRIS, 10 mM 
MgCL2, pH 8.0) to give final DNA concentrations of 
1 to 100 pmole in 25 jiiL of solution. Kinased 6 
solutions are added to the DNA aliquots to give a 
final volume of 50 uL. The solutions are boiled for 
two minutes, then cooled to 45 °C. Incubation for 
16 hours is followed by a cooling quench in ice 
water. The hybridization solutions are applied to 
individual wells of a 96-well microtiter plate the 
wells of which are coated with 0.1% poly lysine 
(100-mer, Sigma, St. Louis, MO). The hybridization 
mixtures are incubated in the wells at 22 'C for 30 
minutes, then the microtiter plate is washed with 
buffer. The wells can be separated, and can be 
counted for radioactivity by liquid scintillation 
counting to establish whether any target DNA has 
been captured. 

Example 8 

Nearly-neutral probe 6 can be used to assay 
for Ml 3 DNA essentially as described in example 
7. The probe is not kinased, however, but is con- 
jugated to alkaline phosphatase using standard 
techniques. The dilution and hybridization buffers 
contained 0.1% BSA. The probe-template mixture 
is not boiled prior to hybridization, but is merely 
incubated at 45 °C for 16 hours. The solutions are 
added to treated microtiter plates, incubated, and 
washed as described in example 7. Instead of 
separating the wells and counting for radioactivity, 
to each well in the intact plate is added a solution 
containing dinitrophenylphosphate. After incubation 
for 15 minutes at 22 'C, an aliquot of 1 M H2SO+ is 
added, and the color in each well can be deter- 
mined by spectrophotometry to establish whether 
any target DNA has been captured. 



Example 9 

This example describes the use of this inven- 
tion in a kit format. The serum sample which con- 

5 tains the DNA of interest is first lysed with prot- 
einase K to destroy the polyanionic proteins which 
may compete with the DNA for sites on the cationic 
fiberglass filters. Then, labeled neutral probe is 
added. After hybridization of probe to the target is 

10 complete, the sample is passed through a 
cationically charged filter. The filter is then washed 
with STE. After filtration, labeled DNA probe can be 
assayed for on the filter using appropriate tech- 
niques. If solution phase assays are desired, one 

75 can treat the filter-disc bound DNA-probe duplex 
with 2M aqueous piperidine, followed by another 
wash step. The piperidine treatment cleaves the 
neutral probe backbone, and the wash step will 
give a solution of the label. 

20 

Example 10 

This example details the synthesis of 
nucleotide triphosphates which possess a chiral 

25 methylphosphonate group on the alpha phosphorus 
of the triphosphate. Treatment of the necessary 
four chiral P-methyl triphosphates with DNA poly- 
merase in the presence of a template afforded the 
complementary probe strands that possessed 

30 chiral methylphosphonate backbones. The synthe- 
sis of alpha Ps- and PR-methyl thymidine 
triphosphate will be described. The syntheses of 
the alpha Ps- and Pp-methyl ATP, CTP, and GTP 
were done in a similar fashion. To a 1M solution of 

35 3'-0-acetylthymidine in pyridine was added 3.0 
equivalents of MeP(0)Cl2. After one and one-half 
hours of stirring at room temperature, 9.0 equiv- 
alents of 4-nitro-phenol was added. The R and S 
enantiomers were separated by HPLC on a silica 

40 gel column, using a linear gradient of 0.5 to 10% 
MeOH in CHCI3. Absolute configuration at phos- 
phorus of the individual enantiomers was estab- 
lished by deprotection of the 3'-acetoxy group by 
base, followed by in situ cyclization to give the 

45 cyclic 3',5'-methanephosphonates 

60 

the configurations of which are known. The re- 
solved enantiomers were treated with diphosphate 
anion to give the triphosphates in dioxane/THF. 
The examples above merely illustrate preferred 
55 ways of practicing this invention, but the broadest 
aspects of the invention are defined by the claims 
which follow. 
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Claims 

1. An assay method for detecting a first 
oligonucleotide sequence in a sannple, com- 
prising: 

introducing into the sample a second 
oligonucleotide sequence which can hybridize 
with said first oligonucleotide sequence, said 
second oligonucleotide being substantialiy 
neutrally charged, so that said first and second 
sequences hybridize; 

separating any unhybridized second 
oligonucleotide from said hybridized second 
oligonucleotide by contacting said sample with 
a positively charged solid phase so that the 
hybridized oligonucleotide will be retained by 
said solid phase; and 

analyzing the solid phase or the un- 
hybridized second sequences for the presence 
of said second sequences to determine the 
presence or quantity of said first sequence in 
said sample. 

2. The assay method as recited in claim 1 
wherein said second sequence is analyzed by 
labelling it with a detectable label. 

3. The assay method as recited in claim 1 
wherein said second oligonucleotide sequence 
includes alkyi phosphonate nucleotides. 

4. The assay method as recited in claim 3 
wherein said second oligonucleotide sequence 
is selected from chirally resolved nucleotides. 

5. The assay method as recited in claim 4 
wherein said nucleotides are selected from R 
stereoisomers. 

6. The assay method as recited in claim 1 
wherein said charged solid phase is a porous 
material. 

7. The assay method as recited in claim 6 
wherein said porous material is coated with a 
positively charged material. 

8. The assay method as recited in claim 7 
wherein said positively charged material in- 
cludes a quaternary ammonium salt. 

9. The assay method as recited in claim 1 com- 
prising Introducing a proteinase into the sam- 
ple for digestion of any protein which may be 
present. 

10. A kit for analyzing a sample for the presence 
of a first oligonucleotide sequence, comprising: 



a) a positively charged solid phase; and 

b) a substantially neutrally charged second 
oligonucleotide sequence which can hybrid- 
ize with said first oligonucleotide sequence. 

5 

11. The kit of claim 10 wherein said second 
oligonucleotide sequence includes alkyI 
phosphonate nucleotides. 

70 12. The kit of claim 11 wherein said alkyI 
phosphonate nucleotides are chirally resolved. 

13. The kit of claim 12 wherein said nucleotides 
are selected from R stereoisomers. 

15 

14. The kit of claim 10 wherein said second 
oligonucleotide sequence includes a label. 

15. The kit of claim 10 wherein said solid phase is 
20 porous. 

16. The kit of claim 10 wherein said solid phase is 
porous, and is coated with a positively charged 
material. 

25 

17. The kit of claim 16 wherein said positively 
charged material includes a quaternary ammo- 
nium salt. 

30 18. The kit of claim 10 further including a prot- 
einase for digestion of any protein in the sam- 
ple. 

Patentanspriiche 

35 

1. Assay verf ah ren zum Nachweis einer ersten 
Oligonucleotidsequenz in einer Probe, das fol- 
gendes umfalBt: 

Einbringen einer zweiten Oligonucleotidse- 

40 quenz, die mit der ersten Oligonucleotidse- 

quenz zu hybridisieren vermag, in die Probe, 
wobei das zweite Oligonucleotid im wesentli- 
chen neutral geladen ist, so daB die erste und 
zweite Sequenz hybridisieren; 

45 Abtrennen jeglichen unhybridisierten zwei- 

ten Nucleotids von dem hybridisierten zweiten 
Nucleotid durch in-Kontakt-Bringen der Probe 
mit einer positiv geladenen festen Phase, so- 
dafi das hybridisierte Oligonucleotid von der 

50 festen Phase zuruckgehalten wird; und 

Analysieren der festen Phase oder der 
unhybridisierten zweiten Sequenzen auf die 
Anwesenheit der zweiten Sequenzen zur Be- 
stimmung der Anwesenheit oder Menge der 

55 ersten Sequenz in der Probe. 

2. Assay verf ah ren nach Anspruch 1, wobei die 
zweite Sequenz analysiert wird, indem sie mit 
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einer nachweisbaren Markierung markiert wird. 

3. Assayverfahren nach Anspruch 1, wobei die 
zweite Oligonucleotidsequenz Alkylphospho- 
natnucleotide unnfaBt. 

4. Assayverfahren nach Anspruch 3, wobei die 
zweite Oligonucleotidsequenz aus enantiome- 
renreinen Nucleotiden besteht. 

5. Assayverfahren nach Anspruch 4, wobei die 
Nucleotide aus den R-Stereoisomeren gewahit 
sind. 

6. Assayverfahren nach Anspruch 1, wobei die 
geladene feste Phase ein poroses Material ist. 

7. Assayverfahren nach Anspruch 6, wobei das 
porose Material mit einem positiv geladenen 
Material beschlchtet ist. 

8. Assayverfahren nach Anspruch 7, wobei das 
positiv geladene Material ein quaternares Am- 
moniumsalz unnfaBt. 

9. Assayverfahren nach Anspruch 1 , das die Ein- 
fuhrung einer Proteinase in die Probe zum 
AufschluB jedweden vorhandenen Proteins um- 
faBt. 

10. Kit fur die Analyse einer Probe auf die Anwe- 
senheit einer ersten Oligonucleotidsequenz, 
das folgendes unfaBt: 

a. ) eine positiv geladene feste Phase; und 

b. ) eine im wesentlichen neutral geladene 
zweite Oligonucleotidsequenz, die mit der 
ersten Oligonucleotidsequenz zu hybridisie- 
ren vermag. 

11. Kit nach Anspruch 10, wobei die zweite Oligo- 
nucleotidsequenz Alkylphosphonatnucleotide 
umfaBt. 

12. Kit nach Anspruch 11, wobei die Alkylphospho- 
natnucleotide enanfiomerenrein sind. 

13. Kit nach Anspruch 12, wobei die Nucleotide 
aus R-Stereoisinneren gewahit sind. 

14. Kit nach Anspruch 10, wobei die zweite Oligo- 
nucleotidsequenz eine Markierung umfaBt. 

15. Kit nach Anspruch 10, wobei die feste Phase 
poros ist. 

16. Kit nach Anspruch 10, wobei die feste Phase 
poros und mit einem positiv geladenen Materi- 
al beschichtet ist. 



17. Kit nach Anspruch 16, wobei das positiv gela- 
dene Material ein quaternares Ammoniumsalz 
umfaBt. 

5 18. Kit nach Anspruch 10, das desweiteren eine 
Proteinase fur den AufschluB jedweden Pro- 
teins in der Probe umfaBt. 

Revendicatlons 

10 

1. Methode d'analyse pour la detection d'une 
premiere sequence oligonucleotidique dans un 
echantillon, dans laquelle 

on introduit dans I'echantillon une seconde 

75 sequence oligonucleotidique capable de s'hy- 

brider avec ladite premiere sequence oligonu- 
cleotidique, ledit second oligonucleotide ayant 
une charge essentiellement neutre, de fagon 
que ladite premiere sequence et ladite secon- 

20 de sequence s'hybrident; 

on separe tout second oligonucleotide non 
hybride dudit second oligonucleotide hybride 
en mettant ledit echantillon en contact avec 
une phase solide a charge positive de fagon 

25 que I'oligonucleotide hybride soit immobilise 

par ladite phase solide; et 

on analyse la phase solide ou les secon- 
des sequences non hybridees en ce qui 
concerne la presence desdites secondes se- 

30 quences afin de determiner la presence ou la 

quantite de ladite premiere sequence dans 
rechantillon. 

2. Methode d'analyse selon la revendication 1, 
35 dans laquelle on analyse ladite seconde se- 
quence en la marquant avec un marqueur de- 
celable. 

3. Methode d'analyse selon la revendication 1, 
40 dans laquelle ladite seconde sequence oligo- 
nucleotidique contient des nucleotides a alkyl- 
phosphonate. 

4. Methode d'analyse selon la revendication 3, 
45 dans laquelle ladite seconde sequence oligo- 
nucleotidique est choisie parmi des nucleoti- 
des resolus au point de vue chiral. 

5. Methode d'analyse selon la revendication 4, 
60 dans laquelle lesdits nucleotides sent choisis 

parmi des stereoisomeres R. 

6. Methode d'analyse selon la revendication 1, 
dans laquelle ladite phase solide chargee est 

55 un produit poreux. 

7. Methode d'analyse selon la revendication 6, 
dans laquelle ledit produit poreux est revetu 
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d'un produit a charge positive. 

8. Methods d'analyse selon la revendication 7, 
dans laquelle ledit produit a charge positive 
comprend un sel d 'ammonium quaternaire. 5 

9. Methode d'analyse selon la revendication 1, 
qui comprend I'introduction d'une proteinase 
dans i'echantillon pour ia digestion de toute 
proteine pouvant etre presente. io 

10. Trousse pour I'analyse de la presence d'une 
premiere sequence oligonucleotidique dans un 
echantillon, comprenant 

a) une phase solide a charge positive; et w 

b) une seconde sequence oligonucleotidi- 
que a charge essentiellement neutre capa- 
ble de s'hybrider avec ladite premiere se- 
quence oligonucleotidique. 

20 

11. Trousse selon la revendication 10, dans laquel- 
le ladite seconde sequence oligonucleotidique 
comprend des nucleotides a alkylphosphonate. 

12. Trousse selon la revendication 11, dans laquel- 25 
le lesdits nucleotides a alkylphosphonate sent 
resolus au point de vue chiral. 

13. Trousse selon la revendication 12, dans laquel- 
le lesdits nucleotides sont choisis parmi des 30 
stereoisomeres R. 

14. Trousse selon la revendication 10, dans laquel- 
le ladite seconde sequence oligonucleotidique 
comprend un marqueur. 35 

15. Trousse selon la revendication 10, dans laquel- 
le ladite phase solide est poreuse. 

16. Trousse selon la revendication 10, dans laquel- 40 
le ladite phase solide est poreuse et est reve- 

tue d'un produit a charge positive. 

17. Trousse selon la revendication 16, dans laquel- 
le ledit produit a charge positive comprend un 45 
sel d'ammonium quaternaire. 

18. Trousse selon la revendication 10, qui com- 
prend en outre une proteinase pour la diges- 
tion des proteines presentes dans rechantillon. 50 
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